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RESTORATION OF VITALITY THROUGH CONJUGATION 

Gary N. Calkins 

Department op Zoology, Columbia University 

Communicated by Edmund B. Wilson, January IS, 1919 

The physiological effect of conjugation, or fertilization, has been interpreted, 
in the main, along two lines of theory. One of these may be indicated by 
Biitschli's term Verjungung, and by Maupas's corresponding one rajeunisse- 
ment, terms indicating that the primary effect of conjugation is to restore 
vital activities to an optimum. The other theory, first fully elaborated by 
Weismann, assumes that the union of germ plasms (amphimixis), brought 
about by conjugation, is a source of variations. 

These theories are not reciprocally exclusive, and it is possible that both 
are correct, althcJugh neither has been conclusively established. 

Biitschli interpreted conjugation in the protozoa, as a means whereby 
waning vitality is restored to full metaboUc activity. The problem thus 
suggested, involves three fundamental questions: (1) Does the protoplasm 
of a single individual protozoon and its progeny by division, undergo a pro- 
gressive waning of vital activities leading to 'old age,' degeneration, and, 
finally, to natural death? (2) Does conjugation actually restore such 
weakening protoplasm to a condition of full metabolic activity? (3) If 
conjugation accomplishes this, what is the explanation of the result? 

The first of these three questions was answered in the affirmative by the 
experiments of Maupas and of numerous subsequent investigators. The 
second has never been answered conclusively, although strong experimental 
evidence has accumulated in support of the affirmative. The third question, 
obviously, is dependent on the second and will be disregarded here. 

In the present preliminary paper, I submit the results of experiments 
made during the last year and a half, which offer a positive answer to the 
second of these three questions, affording proof that conjugation, in the cili- 
ated protozoon Uroleptus mobilis, actually restores waning vitality to full 
metabolic vigor. These results are based on the records of the progeny of a 

95 



96 ZOOLOGY: G. N. CALKINS 

single individual cell, which have been maintained under identical conditions 
and fed daily with the same standardized culture medium. 

The usual method of isolating single individuals each day in fresh culture 
medium, has been used throughout; five "lines" of individuals of the same 
ancestry forming a 'series.' Being isolated each day, conjugation never 
occurs in the culture dishes. 

After the daily isolations, the residual individuals are either thrown away, 
or are put together in larger culture dishes containing fresh culture medium. 
Here they are kept for a period of two weeks without renewal of the culture 
medium. At first there is an abundance of food and the organisms multiply 
by fission until three or four thousand are present. Later, the food becomes 
exhausted, and, as is well known in some other cases, the transition from 
rich feeding to starvation induces conjugation, provided the organisms are 
sexually mature. This procedure constitutes a "conjugation test" which is 
carried out at weekly intervals. 

The number of divisions per day in each of the five lines of a series is re- 
corded; also the sum of the daily divisions, giving a total number of gen- 
erations to date in each line. The daily records of all lines of a series may 
then be averaged for successive periods of ten days each, such averages giving 
a convenient and accurate representation of the relative metabolic activity at 
different periods of the life cycle. 

From time to time, individuals that have undergone conjugation in the 
weekly conjugation tests, may be isolated to form the beginnings of filial 
series which are maintained in isolation cultures exactly as in the original 
series. From the methods employed in these tests, it is evident that such 
conjugations take place between rather closely-related individuals which are 
of the same age. The protoplasm affected by such conjugation, also, has 
had the same history and the same daily treatment throughout, as that main- 
tained in the isolation cultures. After conjugation, a fiUal series is continued 
in isolation cultures, transferred daily to the same medium as that used for 
the parent series, and parallel records are kept in the same way. A filial 
series, therefore, represents the same original protoplasm as that represented 
by isolation cultures of the parent series. Any difference in the same calendar 
periods between the records of the parent series, and those of the filial series, 
must, therefore, be attributed to the conjugation that has taken place between 
the closely-related cells of the parent series. 

An ideal culture medium for Uroleptus, was found to be an infusion made 
by boiUng a small quantity of flour and a small quantity of fine-cut hay in 
spring water. This infusion should be used only after twenty-four hours ex- 
posure to the air. After the first fifty days of experimenting, this culture 
medium, made fresh each day, has been used without any alterations. 

I have found that the process of 'endomixis' or asexual reorganization 
with restoration of vitality, occurs in Uroleptus mobihs while encysted. Such 
encysted stages persist for long periods, and I find that the organisms cannot 
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be recovered from the cysts until they have been dried for some weeks. 
The process of reorganization, therefore, cannot escape observation, and it has 
never occurred in the isolation cultures. The uniformity of results in all 
of the series outlined below, is sufficient evidence that no other method of 
asexual reorganization, or parthenogenesis, has occurred in any isolation 
culture. 

A single ex-conjugant from a pair of 'wild' conjugating individuals was 
isolated on Nov. 24, 1917. It formed the parental series, or, as I shall call 
it, the 'A series' and I would explicitly state again, that all results described 
here, have been obtained with lineal descendants, by division, of this one 
ancestral cell, and without change of the culture medium.* Five lines were 
established at the third division and the relative vitaUty, at successive ten-day 
periods, is shown in column 1 of table 1. The series ran through 313 gen- 
erations by division and died out after a long period of progressively reduced 
vitaHty, on September 18, 1918. 

Conjugation tests were made every week and gave constant epidemics 
of pairing after the first six weeks. A single pair of conjugating individuals 
was isolated on four different occasions. In each case the pair was watched 
until the two individuals had separated. One of the ex-conjugants on each 
occasion, was then isolated as the starting individual of a filial series. The 
first of these ex-conjugants formed the filial C series and came from a pair 
which were in the 78th generation of the parent A series, on February 4, 1918. 
The second, formed the filial D series which came from a pair of the A series 
conjugating on March 8, 1918, in the 137th generation. The third, formed 
the filial H series, which came from a pair conjugating on May 17, 1918, in 
the 237th generation of the parent A series. The fourth formed the fiHal J 
series which came from a pair conjugating on August 12, 1918, in the 311th 
generation of the parent A series. The parent A series died from exhaustion 
in the 313th generation, hence these four filial series were taken off at dif- 
ferent periods of waning vitality of the parent protoplasm. Each was main- 
tained in five lines and treated exactly like the parent isolation series. Their 
histories, in successive ten-day periods, are shown in columns 2, 3, 4 and 5. 

The history of the C series was similar to that of the parent A series. After 
a long period of progressively reduced vitality it died on December 31, 1918, 
in the 348th generation. The D series outlived the parent series but did not 
live as long, dying after 230 days in the 271st generation. The H series is 
still alive and is now (January 8, 1919) in the 277th generation. The J series 
was taken from the parent A series when vitality of the latter was very 
low, each individual of the parent series dividing only 2.2 times in ten days. 
The effect of conjugation, as shown by the J series was to increase the divi- 
sion rate to 17.2 times in ten days, while, for the same calendar period, the 
parent series was dividing at the rate of two-tenths of one division in ten 
days. The J series is still dividing actively in the 236th generation. 

* At the present time (March 15) descendants are still living with unimpaired vigor. 
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TABLE 1 

Average Division Rate pee Individual, in Ten-day Periods 
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The F series was started with an ex-conjugant of the C series in the 86th 
generation, and died December 21 in the 317th generation, ten days earUer 
than the parent series. The I series was taken from the F series in the 143d 
generation and is still living actively in the 305th generation. The L series 
came from this I series in the 199th generation and is actively dividing in the 
118th generation. An N series (not included in the table) has recently been 
started from the J series in the 188th generation. 

While table 1 by itself, shows clearly enough that conjugation restores 
vitality to an optimum, the results may be shown still more strikingly by a 
comparison of longer periods of time whereby minor fluctuations are less 
conspicuous. I find from the records of the conjugation tests of all series, 
that conjugation does not begin to take place until from fifty to seventy days 
from the start of a series. I have chosen the period of the first sixty days, 
therefore, as representing the period of sexual immaturity. The records 
show, furthermore, that this is also the period of optimum metabolic activity. 

Comparing the mean division rate of a filial series in this first sixty day 
period, with the division rate of the parent series for the same calendar sixty 
days, shows the extent, in division activity, to which conjugation has re- 
stored vitality to the parent protoplasm. Thus, during the first sixty days 
of the C series, the five lines had a mean daily division rate of 8.6333, or each 
individual averaged 1.726 divisions per day, or in ten days, 17.2666 divi- 
sions. In the same sixty days, the parent A series, starting at the 78th gen- 
eration, had a mean division rate of 7.8666 daily, each individual averaging 
15.7333 divisions in ten days. The difference, 1.53, indicates the average 
increase, in number of divisions in a ten-day period, of each individual of the 
C series, over each individual of the parent A series. In this case the filial 
generation was taken from the parent when vitality of the latter was near its 
optimum, and a small discrepancy between parent and offspring is to be ex- 
pected. With increasing age of the parent, and with corresponding reduc- 
tion in vitality of its protoplasm, one might reasonably expect that conju- 
gation between two such weakened individuals, would result in a filial gen- 
eration in which the discrepancy between parent and offspring would remain 
practically the same as above. The results, however, do not support this 
expectation; on the contrary, the discrepancy increases with age of the parent 
protoplasm, as shown in table 2. 

It is evident, from the foregoing, that conjugation results in the complete 
restoration of vitality regardless of the age or the weakened condition of the 
parent protoplasm, although both parental and filial series are fed at the same 
times on exactly the same culture medium. This is particularly striking in 
the case of the J series. 

Table 2 also shows that all filial series return to a certain optimum of 
metabolic vigor as a result of conjugation, a vigor represented by from 17.1 
to 17.9 divisions per individual in ten days. From this optimum there is a 
gradual loss of vitality which is common to all series and which finally leads 
to death from old age. This is clearly shown in table 3. 
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From this table it is evident that all series follow the same general his- 
tory, and that, at corresponding periods of the life cycle, all have about the 
same vigor, although the actual dates may range through all twelve months 
of the year. 

The experiments thus show not only that waning vitality leading to old age 
and natural death is manifested by XJroleptus mobilis, but also, that con- 
jugation between two individuals at any stage of waning vitality, leads to a 
complete restoration of vitality. 



FALKLANDIA 

By J. M. Clarke 

State Museum, Albany, New York 
Communicated, January 29, 1919 

Falklandia is a name herewith applied to a continental land which, dur- 
ing the Devonian period in the occidental parts of the Southern Hemisphere, 
preceded Gondwana-Land and Antarctis. The history of Gondwana-Land 
is well established (Neumayr, Suess) ; its supposed earliest outlines have been 
approximately determined by the study of its land flora (D. White). The 
conception of Gondwana-Land is that of a great east-west southern conti- 
nent which escaped the turmoil of world-wide postcarboniferous deformations 
and which continued its existence as a continental asylum for land and stream 
life till late in the Mesozoic time (Cretaceous) when incursions of the sea be- 
gan which led to its breakdown and demolition in the Tertiary. Eastern Brazil 
into Sao Paulo, southern Argentine and the north half of the Falkland Islands 
constitute its western fragments; South Africa, the lost Lemuria (from Mada- 
gascar to Ceylon), India and Australia indicate its western extent. Those 
who have been responsible for the determination of this continent and es- 
pecially Suess, who has discussed it in much detail, have not recorded its 
existence prior to the Carboniferous. Antarctis likewise, another Southern 
'asylum,' defined on the basis of its terrestrial life and never accurately de- 
limited by its proponents as to the date of its origin, gives proof of like begin- 
ning of stabilization and perhaps also of length of endurance. The fossil 
woods discovered in the Beacon sandstone of South Victoria-Land by James 
Eights ninety years ago, and the fossils brought home in recent years by 
Andersson, Nordenskiold, Amundsen, Shackelton and the men of Scott, tend 
to indicate that it was coexistent in time with Gondwana-Land. 

Asylums, thought Suess, were to be defined by continuity in the succession 
of terrestrial life; it must be added, however, that security of such deter- 
minations can be given by the character of the life of the sea which washed the 
shores of such asylums. Gondwana-Land and Antarctis had a parallel exist- 
ence in time, though a distinct one. Osborn's observations indicate the 



